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Patterns of juvenile salmonid movement in natal streams provide insight into factors 
driving movement and ways to develop proactive conservation practices for wild salmon 
populations. This work expands on years of ongoing investigations for a comprehensive 
understanding of landscape and habitat characteristics important for salmon success. This study 
ties into an existing model for headwater streams in the Kenai Lowlands which predicts the 
presence of juvenile coho salmon and Dolly Varden by age-class based on catchment 
topography, wetland geomorphology, water chemistry, substrate composition, channel 
morphology, and macroinvertebrate and fish communities (King et al. 2012). We tagged nearly 
1,000 juvenile coho salmon (Onchorynchus kisutch) and Dolly Varden char (Salvelinus malma) 
with passive integrated transponder (PIT) tags in headwater streams with varying gradients and 
habitat conditions in the Kenai Lowlands, Alaska from May to October 2012, and tracked their 
movement with stationary antenna arrays spaced approximately 0.8 – 3.5 km apart. Our results 
demonstrate that juvenile salmonids moved considerably in rearing habitat during non-migratory 
periods (e.g. seaward migrations), conceivably in an exploratory nature to find optimal habitat. 
Larger juveniles appeared to move more than smaller juveniles. Our results suggest that stream 
temperature, stage and time of year may be correlated to summer movement in headwater 
streams. Most fish were detected again within their site of capture moving 5 – 10 m, and 23 % of 
tagged fish moved distances of 0.8 – 3.5 km to another site. This novel finding is important, 
because we now know that fish are moving between habitats at different reach levels. The 
movement of fish between reaches and the utilization of different habitats emphasizes the 
importance of habitat heterogeneity and connectivity between diverse shelter and foraging 
habitats during pre-smolt stages. Further investigation into habitat use by juvenile salmonids 
during different seasons may clarify species- and age-class specific patterns of movement. 
 
Keywords 
Juvenile Pacific salmon, movement, headwater streams, Kenai Peninsula, Alaska, Onchorynchus 




Healthy salmon populations are very important for their biological and social 
significance. Salmon provide nutrition, economic stability, and recreation for people; are 
ecosystem engineers in streams; and are part of cultural ways of life in many communities (Fall 
1990). This is particularly true in the Kenai Lowlands, in the southern Kenai Peninsula, south-
central Alaska (Fig. 1) where salmon fisheries support many aspects of life. Since salmon 
fisheries are dependent upon recurring adult populations, protection of juvenile salmon habitat is 
imperative to the future of the fishery.  
Unfortunately, salmon populations in the contiguous United States have been declining 
since the 1850s due to the development of hydropower, mining, logging, agriculture, fishing and 
urban growth (Nehlson et al. 1991), with degradation of freshwater habitat as one of the most 
important factors in the decline (Burnett et al. 2007). Fortunately, salmon populations in Alaska 
are relatively stable due to well-managed fisheries and low watershed development (Speegle 
2011; NOAA Fisheries 2012). Despite this relative stability, over the past 15 years, development 
and the spruce bark beetle epidemic have altered the land cover and land use of the southern 
Kenai Peninsula in south-central Alaska (Walker et al. 2012). Proactive protection of salmon 
rearing habitats in headwater streams within the Kenai Lowlands is an essential aspect of wild 
salmon conservation, because unmanaged development and disturbance of these lands could be 
detrimental to the welfare of fish populations.  
Management of healthy salmon at the regional level requires an understanding of spatial 
and environmental factors that drive species distribution. This work expands upon investigations 
of headwater stream ecology in the Kenai Lowlands, Alaska that began in 2006. King et al. 
(2012) devised a flow-weighted slope (FWS) model showing correlations between catchment 
topography, wetland geomorphic classes, water chemistry, substrate compositions, channel 
morphology, macroinvertebrate communities, and fish communities in headwater streams in the 
Kenai Lowlands. The FWS model accurately predicts juvenile coho salmon and Dolly Varden 
presence by age-class in headwater streams as a function of flow-weighted slope, an indicator of 
water residence time and gradient. This study serves as a pilot investigation to understand the 
scale and drivers of movement that led to the observations in the model. This study gives us 
insight into how fish are moving in headwater streams so that we may supplement the existing 
model, and it also provides a framework for examining future movements in these streams. The 
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implications of increasing our understanding of the movement of juvenile salmon within 
headwater habitat will be significant for protecting the welfare of wild salmon populations, and 
the knowledge gained may be incorporated into outreach efforts and help guide future research to 
make proactive conservation possible. 
Headwater streams, which harbor many juvenile fish, are afforded few protections. 
Headwater stream habitats function as spawning and rearing areas; refuge from rapid flow, 
competitors and predators; connections of neighboring ecosystems; and migration corridors 
through the landscape (Meyer et al. 2007). King et al. (2012) found abundant juvenile coho 
salmon (Oncorhynchus kisutch) and Dolly Varden (Salvelinus malma) within headwater streams 
in the Kenai Lowlands, suggesting that these headwater streams may be rearing habitat for at 
least one quarter million juvenile salmonids. Although headwater streams within the Kenai 
Lowlands comprise 53 % of the total length of the river networks (Walker et al. 2012), they 
receive little protection from development, because most of these streams are not listed as 
important for supporting anadromous fish (Alaska Department of Fish and Game 2011), and 
most are on private lands lacking developmental regulations (Walker et al. 2012). Understanding 
juvenile salmon use and movement within upper stream reaches is an important aspect of the 
conservation and management of these vulnerable, ecologically and economically important 
species (Kahler et al. 2001).  
Salmon clearly must move during their anadromous life history that spans freshwater and 
saltwater habitats, but very little is known about their juvenile (non-smolting) movements. 
Migration is a key component to complex salmonid life histories. Salmonids adaptively move 
during different life stages and seasons to improve fitness. Central migrations include emergence 
from redds, establishment of foraging habitat, movement to overwintering habitat, outmigration 
of smolts, and spawning migrations. Spawning migrations (Cooke et al. 2006; Dittman and 
Quinn 1996; Welch et al. 2009) and seasonal smolting migrations (Beckman et al. 1998; Folmar 
and Dickhoff 1980; Welch et al. 2009; McCormick et al. 1998; Murphy et al. 1997) are heavily 
studied phenomena in salmon life history. Each year, anadromous juvenile salmonids respond to 
environmental cues to migrate to sea or to remain in freshwater streams, rivers or lakes. The 
benefit of migrating to sea is to achieve a higher growth rate, while remaining in fresh water 
increases the probability of survival (Quinn 2005). It appears that stream temperature, discharge, 
lunar cycles (Youngson et al. 1983), and density-dependent factors (Chapman 1962; Hartman et 
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al. 1982) drive seaward movements. However, the details of different types of juvenile salmon 
movement within headwater streams before seaward emigration are unknown, and the drivers of 
fish movement at different scales are still unclear (Hughes 2000; Gowan et al. 1994; Riley et al. 
1992).  
We are examining local movements within a reach or site that spans several meters as 
well as movements between reaches or sites that spans several kilometers. Previous work 
suggests that salmon move in summer habitat in search of food and adequate shelter 
(McCormick et al. 1998), or from displacement from flooding, recolonization after flooding, or 
for “small-scale searching and learning” (Lonzarich et al. 2009). Juvenile salmonid movement in 
streams before seaward migration is common and highly variable (Gowan et al. 1994), and it 
appears that numerous factors may influence movement, including habitat quality and population 
density (Quinn 2005). Salmon may move as an adaptive behavior to improve foraging success 
and optimize energy intake in a competitive and dynamic environment (Lonzarich et al. 2009). 
However, habitat quality rather than social dominance seems to be a more important driver of 
movement by juvenile coho salmon, steelhead trout and cutthroat trout (Kahler et al. 2001). 
Locations of high-quality foraging and refuge sites (i.e. with cover) sites may vary both 
temporally and spatially, and food and habitat requirements may ontogenetically change, which 
is consistent with the hypothesis that fish movement is required if fish continue to occupy high-
quality foraging habitat (Gowan & Fausch 2002). Habitat selection by juvenile salmonids is 
fairly well-studied, and locations of fish in streams has been successfully predicted in theoretical 
models (Fausch 1984; Hill & Grossman 1993; Hughes & Dill 1990; Huntingford 1993; King et 
al. 2012; Tyler & Gillian 1995; Tyler & Rose 1994; Railsback et al. 1999). Water temperature, 
stream flow and light are recognized as important habitat characteristics for the behavior of 
salmon movement (Kahler et al. 2001; Gowan and Fausch 1996; Gowan and Fausch 2002). 
Some studies suggest that warm water temperatures or high water flow correlates with 
downstream fish movement and seaward migrations (McCormick et al. 1998; Lonzarich et 
al.2009; Gowan and Fausch 1996), however other findings suggest that water temperature is not 
an abiotic cue for downstream movement in fall and spring (Youngson et al. 1983), or that 
downstream migration to sea or a lower stream habitat may be initiated by declining water 
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temperatures (Hartman et al. 1982). Therefore, abiotic cues for movement are complex and may 
seasonally and spatially change. 
Knowledge of the direction, spatial scales, timing and variability of salmonid movement 
by different species and age-classes within headwater stream systems before smolt migration is 
lacking. The purpose of our research was to investigate summer movement of approximately 
1,000 juvenile Onchorynchus kisutch (coho salmon) and Salvelinus malma (Dolly Varden) char 
in headwater streams using passive integrated transponder (PIT) tags, stationary antenna arrays 
and recaptures of previously tagged fish, and to determine potential drivers of upstream and 
downstream summer movement. The overall goals were to determine if juvenile salmonids move 
within headwater streams, if movement occurs locally or across far distances, and if varying 
species and age-classes move differently. We hypothesized that both species move and that older 
cohorts move more, particularly across long distances downstream. It was also hypothesized that 
water temperature, stream stage, FWS and time of year would drive upstream and downstream 
summer movement.  
Methods 
Study area 
The Kenai Lowlands, a sub-region of the Kenai Peninsula described in detail by Walker 
et al. (2012), comprise approximately 9,400 km2 in south-central Alaska (Fig. 1), and encompass 
four salmon-bearing watersheds. This area supports multiple anadromous species, such as 
chinook salmon (Onchorynchus tshawytscha), coho salmon (O. kisutch), sockeye salmon (O. 
nerka), pink salmon (O. gorbuscha), Dolly Varden char (Salvelinus malma), and steelhead trout 
(O. mykiss). Sites were chosen based on previous research and the FWS model (King et al. 2012) 
to represent a range of FWS conditions, and based on accessibility from the road system. Due to 
considerable development, testing and modification of equipment in the stream, accessibility 
from the road system was an important consideration in the selection of study sites. Headwater 
streams in the Stariski Creek and Anchor River watersheds were examined, and we established 




Figure 1: Study area (bordered in black) in the Kenai Lowlands of south-central Alaska (figure 
credit: Kachemak Bay Research Reserve). 
 
 
Figure 2: Image of streams and sites in headwaters of the southern Kenai Lowlands: PJ Low, PJ 
Mid and PJ Up from the Anchor River Watershed, and Star Up and Star Low from the Stariski 
Creek Watershed. (Figure credit: Steve Baird, Kachemak Bay Research Reserve) 
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The streams represent habitat where we expected to find varying age classes of juvenile coho 
salmon and Dolly Varden char, as defined by the FWS model predictions (King et al. 2012) and 
previous years of fieldwork. The two Stariski sites (Star Up and Star Low) represent moderate-
low gradients (mean FWS = 1.7), and the three Anchor sites (PJ Up, PJ Mid and PJ Low) 
represent high-moderate stream gradients (mean FWS = 9.3). FWS was determined by LiDAR 




Figure 3: Images of headwater stream sites at Star Low (A), Star Up (B), PJ Low (C), PJ Mid 






Collection of movement data 
Our goals were to capture, measure and PIT tag juvenile salmonids and track their 
movement primarily with stationary antenna arrays. Antennas were designed, constructed, 
installed and maintained by Coble Geophysical Services, Homer, AK. Stationary antenna arrays 
with transceivers were installed at each site in early to mid-June 2012 with plywood barriers 
inserted to channel fish through the antennas (Fig. 4).  The antenna arrays at four of the sites 
consisted of two antennas each, spaced approximately 5-10 m apart to allow for detection of 
directional movement. Due to the wider stream channel at PJ Low, four antennas were installed, 
because two were needed to span the width of the stream. The antenna arrays at the Stariski sites 
were spaced approximately 0.8 km apart, the PJ Low and PJ Mid antenna arrays were spaced 
approximately 3 km apart, and the PJ Low and PJ Up antennas arrays were spaced approximately 
3.5 km apart (Fig. 5). PIT-tagging and stationary antenna array technologies enable a continuous 
or semi-continuous look at how individual fish move in relatively remote locations. Under 
normal flow conditions, the antennas spanned the width of the channel with good precision and 
high detection efficiency in order to record tag code, antenna location, date and time. Fish may 
have passed undetected during high flow conditions when the water ran beyond the stream 
channel, or when the antennas did not have continuous coverage due to temporary technical 
problems. When an individual fish moved through both antennas sequentially, we were able to 
determine the direction of movement (upstream or downstream). In some cases, a fish was 
detected at only one of the two antennas  at a site, in which case we were able to log that the fish 
was present in the reach, but unable to determine a directional movement. It is possible that these 
‘no-movement’ detections were part of actual movement events that went undetected due to fish 
moving out of the range of antenna detection or antenna malfunction. 
We used a backpack electrofisher (Smith-Root LR-24 electrofisher, Vancouver, WA), 
according to King et al. (2012) with modifications (we typically used one or two passes and 
sampled 25 m sub-reaches) with the goal to capture 1,000 juvenile coho salmon and Dolly 
Varden char from early May until mid-October 2012. Although electrofishing was the main 
method of capture, pole seining and minnow trapping with salmon roe bait were used later in the 
season once adult salmon were observed in the streams. Five to twelve continuous stream 
segments, each about 25 m in length, were sampled upstream and downstream from the 




Figure 4: Antenna arrays at each site consisted of upstream and downstream antennas that 
spanned the width of the stream and detected fish presence through the antennas. Antennas were 
installed with plywood barriers and were powered by solar panels.  
 
 
Each 25-m segment was temporarily blocked at the upstream and downstream ends with a 5 mm 
mesh net to prevent fish between the two nets from escaping. All captured fish were briefly 
sedated with Tricaine Methanesulfonate (MS222), a safe, reliable and approved fish anesthetic 
(Neiffer and Stamper 2009), and recorded for species, fork length (FL) (to the nearest mm), 
weight (to the nearest 0.01 g) and 25 m reach of capture. All captured coho salmon and Dolly 
Varden char ≥ 55 mm FL were implanted (Biomark MK-25, Boise, ID) with a unique passive 
integrated transponder (PIT) tag (Biomark HPT12, Boise, ID) (Roussel et al. 2000). Recaptured 
fish, or fish already implanted with a PIT tag, were scanned with a handheld PIT-tag reader 
(Biomark 601, Boise, ID) and also recorded for species, FL, weight, and location of capture. All 
captured fish were released back into the 25 m reach of capture. 
In situ specific conductivity, dissolved oxygen, temperature and pH were measured with 
a Professional Series YSI multiprobe (Pro 2030, Yellow Springs, OH) during most site visits. 
Stream velocity was measured with a flow meter (Marsh McBirney Flo-mate, model 2000, 
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Frederick, MD) and a top-setting wading rod at a consistent location during most site visits.  
Stream stage and temperature were continuously recorded at 15 minute intervals at each site 
using a stationary level logger (Onset HOBO data logger).  One barometer was installed in each 
of the two stream systems to correct stream stage calculations for atmospheric pressure. The 
physical habitat (including FWS) and biota were characterized in previous years (King et al. 
2012; Whigham et al. 2012; Walker et al. 2012). 
 
Data Analysis 
Antenna data up through October 1, 2012 were sorted by tag code and chronologically to 
examine observed movement of individual fish. Large-scale upstream or downstream movement 
events were recorded as movement that was observed across more than one site. Large-scale 
movement between sites was defined at the site that was moved from. This movement occurred 
across 0.8-3.5 km (Fig. 5). Small-scale movement was recorded as movement observed between 
reaches within a single site, and this was observed across several meters (Fig. 5). Total observed 
small-scale upstream, small-scale downstream, large-scale upstream and large-scale downstream 
movement events per day were normalized based on the total number of fish tagged up until that 
day for each site, species and age-class. Movement for all sites was combined within each type 
of movement (local, far upstream and far downstream) to give a robust data set to be analyzed 
statistically; sample sizes were too small to provide valid statistical results broken up by site. 
Stage was calculated by subtracting the barometric pressure from the measured water level, and 
mean daily stage was calculated for each day. Mean daily temperature was calculated for each 
day based off of the stationary level logger measurements. Stream and stage from the site that 
was left was used for analysis. Since temperature and stage were measured at consistent 
locations at each site, spatial variability in temperature and stage among different locations 




Figure 5: Approximate stream distances (km) between sites and approximate placement and 
spacing (m) of antennas at the Anchor River (A) and Stariski Creek (B) sites.  
 
 
We used χ2 tests to compare the percentages of tagged coho salmon and Dolly Varden 
that moved and didn’t move (i.e. fish that were repeatedly detected at the same locations), 
percentages of fish detected moving that moved upstream and downstream, and the percentages 
of detected coho salmon and Dolly Varden that moved upstream and downstream within-sites 






differences in the mean number of movement events based on species, age-class and type of 
movement (several meters within sites and 0.8-3.5 km between sites). Upstream and downstream 
movement within a site was combined for overall local movement across several meters. Small-
scale (within-site) movement and large-scale (between-sites) movement were separated in order 
to evaluate both local and large-scale movement. In order to assess local and large-scale 
movements when habitat conditions change, Pearson’s correlation tests were used to examine 
potential relationships between movement (local, far upstream and far downstream) and average 
daily stage (m), average daily water temperature (°C) and date of detection. Summer age-classes 
were estimated based on earlier work in the headwater streams (Walker et al. 2009) (Table 1). 
 
Table 1: Approximate summer fork lengths (FL) (mm) of juvenile coho salmon and Dolly 
Varden cohorts, derived from previous work in the headwater streams. 
  Approximate summer FL (mm)  
Cohort Coho salmon Dolly Varden 
age 0 35-70 50 
age 1+ 71-97 51-80 
age 2+ 98+ 81-110 




We PIT tagged a total of 997 coho salmon and Dolly Varden from May 29 to October 1, 
2012, with the majority of the tagging accomplished between June and August. We tagged 331 
juvenile coho salmon and 60 juvenile Dolly Varden in the headwater stream of Stariski Creek, 
and 77 coho salmon and 529 Dolly Varden in the headwater streams of Anchor River (Table 2). 
The headwater stream habitat in the Anchor River watershed generally had higher FWS, 
responded quickly to rainfall (i.e. stage and discharge were more variable), was typically cooler, 
and had lower specific conductivity and higher dissolved oxygen than the headwater stream 
habitats in the Stariski Creek (Table 3). Coho salmon were dominant in lower gradient habitat, 
and Dolly Varden was the dominant species in higher gradient habitat. Approximately 3 % of the 
tagged juveniles were recaptured during repeated sampling. The locations of these recaptures 
relative to previous detections or captures gave information about movement, where no 
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movement was observed if recapture occurred in the same reach of last detection, upstream 
movement was observed if recapture occurred upstream from the location of last detection, and 
downstream movement was observed if recapture occurred downstream from the location of last 
detection. Date of movement from recapture was recorded as the date of recapture. 
 Table 2: Number of juvenile coho salmon (CO) and Dolly Varden char (DV) tagged from each 
cohort in each of the five sites. 
  Cohort 
Site CO  0 yr CO 1+ yr CO 2+ yr DV 1+ yr DV 2+ yr DV 3+ yr 
Star Up 75 170 12 0 11 17 
Star Low 46 26 2 1 20 12 
PJ Up 4 6 0 35 16 3 
PJ Mid 13 26 2 153 137 26 
PJ Low 15 11 0 78 75 6 
 
Table 3: Summary of habitat variables, flow-weighted slope (FWS), stage (m), water 
temperature (°C), specific conductivity (µS/cm), dissolved oxygen (% saturation) and discharge 
(m3/s) at each of the five sites. FWS was calculated for first order streams only. 
  PJ Low PJ Mid PJ Up Star Low Star Up 
  
Mean +/- SD  
(max-min) 
Mean +/- SD  
(max-min) 
Mean +/- SD  
(max-min) 
Mean +/- SD  
(max-min) 





N/A 9.95 +/- 0.00 (9.95-9.95) 
8.31 +/- 0.15 
(8.58-8.20) 
1.91 +/- 0.04 
(1.98-1.88) 
1.56 +/- 0.03 
(1.61-1.52) 
Stage (m) 0.23 +/-  0.29 (1.63-0.02) 
0.24 +/- 0.19 
(1.04-0.06) 
0.17 +/- 0.20 
(1.45-0.00) 
0.30 +/- 0.13 
(1.06-0.21) 





8.05 +/- 1.62 
(14.01-1.94) 
7.15 +/- 1.44 
(13.00-1.65) 
6.78 +/- 1.15 
(10.44-1.83) 
9.08 +/- 1.78 
(14.45-2.33) 





54.1 +/- 11.7 
(70.1-41.9) 
46.1 +/- 4.7 
(53.8-40.0) 
45.3 +/- 9.3 
(58.2-32.8) 
66.7 +/- 5.4 
(74.3-60.1) 





95.73 +/- 2.02 
(97.80-93.20) 
97.40 +/- 7.87 
(102.00-78.20) 
96.58 +/- 4.22 
(102.20-90.30) 

























In general, the stationary antenna arrays were effective at detecting upstream and 
downstream movements of juvenile coho salmon and Dolly Varden char in headwater streams. 
There were 43,435 antenna detections through October 1, with a range of detections per fish 
from 0-8013 (median = 5). Of the total antenna detections, 3,391 generated observations of 
directional movement, with 0-204 movements per fish (median = 3). Of the total fish tagged, 
46.6 % were detected at least once, either by the stationary antenna arrays or by recapture. The 
vast majority of the detections were generated by the stationary antenna arrays. Directional 
movement was observed by fish moving through both antennas at a site, antennas at different 
sites, or antennas upstream and/or downstream from the location of capture. In some cases, fish 
were detected moving in only one direction. Others moved in both directions once, and some 
moved bi-directionally multiple times. Of the detected fish, 96.6 % had directional movement, 
with 52.7 % moving both upstream and downstream, 20.9 % moving upstream only, and 23.0 % 
moving downstream only. Seventy-one percent of the detected fish had observations showing no 
movement, meaning they were consecutively detected by the same antenna. According to χ2 
tests, there were significant differences between the percentage of both tagged coho salmon and 
Dolly Varden that were observed moving and not moving (i.e. repeatedly detected at the same 
location) (χ2 < 0.001, df = 1), and there were significant differences between the percentage of 
tagged coho salmon and Dolly Varden observed moving upstream and downstream (χ2 < 0.001, 
df = 1).  
Some of the fish that moved also moved between sites across 0.8-3.5 km. Of the fish 
moving downstream and upstream, 15.1 % and 15.8 %, respectively, were detected moving to 
another site. There were significant differences between the percentages of coho salmon and 
Dolly Varden that moved between sites (0.8-3.5 km) and those that moved within sites (several 
meters) (χ2 < 0.001, df = 1). Since between-sites movement is defined as movement from one 
site to another, then we would never see between-sites downstream from low sites (PJ Low and 
Star Low), because there were no sites below. Likewise, we would never see between-sites 
upstream movement from higher sites (PJ Up and Star Up), because there were no sites above.  
Fish observed moving far upstream moved into areas with lower FWS, while fish observed 
moving far downstream moved into areas with higher FWS (see Table 3). This result was 
consistent for all fish and for all species and age-classes.  
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Movement events between species and cohorts at the local and large-scale levels were 
compared using a three-way ANOVA test. Older cohorts from both species seemed to move 
more than younger cohorts, particularly age 2+ yr coho salmon moving downstream between 
sites (Fig. 6); however, the mean normalized movement events at the different scales did not 
significantly differ between cohorts (p = 0.639) nor between the species (p = 0.589)  (Table 4). 
The mean movement events of each type of movement (e.g. local, far upstream and far 
downstream) were significantly different (p = 0.043) (Table 4), and there was no significant 
interactions between type of movement and species (p = 0.735) nor between type of movement 
and cohort (p = 0.794) (Table 4). Not all combinations of interactions were run. Movement 
detections seemed to be more common at the local level than between sites in the upstream or 
downstream directions (Fig. 6). Correlation statistics suggest that average daily water 
temperature (°C), average daily stage (m) and date are correlated to within-site and/or between-
sites summer movement of juvenile coho salmon and Dolly Varden (Table 5). Movement events 
typically increased with temperature (Fig. 7), decreased with stage (Fig. 8), and occurred more 
commonly during mid-late summer (Fig. 9). These trends were evident for local as well as 
between-sites movement. Correlations between movement and temperature are limited by the 
non-linearity of movement over time. Temperature and stage over time at each site are illustrated 






Figure 6: Average number of normalized upstream and downstream movements per day per 
cohort at the within-site (A) and between-sites (B) levels. Error bars indicate standard deviation. 
CO = coho salmon, DV = Dolly Varden. CO cohorts range from 0 to 2+ yr; DV cohorts range 
from 1+ to 3+ yr. 
Table 4: Three-factor ANOVA results comparing the mean number of normalized movements 
events per day versus coho salmon (CO) and Dolly Varden (DV) cohorts, and type of movement 
(local within site, far upstream between sites, and far downstream between sites).  
Source of variation df F P-value 
Species 1,16 0.36 0.589 
Cohort 3,14 0.64 0.639 
Type of Movement 2,15 10.76 0.043 
Species X Type of Movement 2,12 0.34 0.735 



























































Table 5: Pearson’s correlation results to evaluate relationships among between-site or within-site 
movement and average daily temperature (°C), average daily stage (m) or date.	  
 Between-sites movement r P-value 
Average Daily Temperature (°C) 0.207 0.069 
Average Daily Stage (m) -0.215 0.059 
Date -0.669 < 0.001 
Within-site movement r P-value 
Average Daily Temperature (°C) 0.356 < 0.001 
Average Daily Stage (m) 0.119 0.040 
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Figure 7: Normalized within-site (several meters) (A), and between-sites (0.8-3.5 km) upstream 
(B) and downstream (C) movement events per day of juvenile coho salmon (CO) and Dolly 
Varden (DV) cohorts relative to average daily water temperature (°C) across all sites combined. 
Within-site upstream and downstream movement was combined for local movement across 
several meters and normalized based on the number of fish tagged. Temperature describes where 
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Figure 8: Normalized within-site (several meters) (A), and between-sites (0.8-3.5 km) upstream 
(B) and downstream (C) movement events per day of juvenile coho salmon (CO) and Dolly 
Varden (DV) cohorts relative to average daily stream stage (m) across all sites combined. 
Within-site upstream and downstream movement was combined for local movement across 
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Figure 9: Normalized within-site (several meters) (A), and between-sites (0.8-3.5 km) upstream 
(B) and downstream (C) movement events per day of juvenile coho salmon (CO) and Dolly 
Varden (DV) cohorts over time across all sites combined. Within-site upstream and downstream 
movement was combined for local movement across several meters and normalized based on the 
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Figure 10: Variability in average daily water temperature (°C) and average daily stage (m) over 






















































































































































 Observations indicate the juvenile coho salmon and Dolly Varden char are moving in 
headwater streams. Movement was documented across small distances (several meters) and far 
distances (0.8-3.5 km), but local movements were more common. The number of movement 
events did not significantly differ between species or age-classes. Our results suggest that stream 
temperature, stage and time of year may be potential drivers of movement. 
 
Discussion 
We were able to document both local (within-site across several meters) as well as larger 
between-sites movements (0.8-3.5 km), which is a key detail previously lacking from other 
studies of juvenile salmonid use of headwater stream habitat. The topic of fish movement in 
habitat units and during different life stages has been gaining more attention from the scientific 
community (Gowan & Fausch, 1996, 2002; Skalski & Gilliam 2000; Smithson & Johnston 1999; 
Young et al. 1998), and it is becoming more apparent that movement is an important process of 
many stream populations to maintain fitness in changing environments (Gowan & Fausch, 1996, 
2002). We know that movement is an important aspect of salmonids’ life history, particularly 
during summer months that are a time for rapid growth for young juveniles (Quinn 2005). Prior 
to this study, little was known about the movement trends of juvenile salmonids in headwater 
streams of the Kenai Lowlands. We successfully documented movement events of individual 
salmonids and illustrated that juvenile salmon move substantially in summer rearing habitat.  
The results of the antenna detections indicate that a high proportion of the juvenile coho 
salmon and Dolly Varden char were mobile. Movement was observed for over half of our 
detected fish at the local level (several meters), and approximately 19 % of the detected fish 
moved at the large-scale level between sites (0.8-3.5 km). However, in opposition to 
Schmetterling and Adams (2004), who found that downstream movement was more frequent 
than upstream movement among a fish community in a montane stream in Montana, and Kahler 
et al. (2001) who observed more upstream movement than downstream movement, we did not 
observe any differences between the frequency of upstream and downstream movements, except 
for 2+ yr coho salmon which had more large-scale downstream movement than large-scale 
upstream movement. No-movement detections were also commonly observed. It is possible that 
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the fish observed with no-movement detections were actually moving out of range of detection 
or that the antenna malfunctioned during periods of movement. Since no-movement detections 
could be part of a number of scenarios, we cannot make a strong conclusion from these no-
movement observations, but we can speculate that the species behave with some period of 
residency. Our recapture rate of about 3 % is low compared to other studies (Brakensiek and 
Hankin 2007). Low recapture rates may be a factor of many fish in the system, mortality or fish 
moving out of the sampling area. 
Not uncommon in other studies, most movements we observed occurred locally within 
the site of initial detection (Kahler et al. 2001; Lonzarich et al. 2009). Small movements are 
consistent with the predominant view that juvenile coho salmon establish small home ranges for 
foraging in summer months (Gowan et al. 1994). The fish may not have moved far because food 
was already readily available. However if juveniles move into different habitats, they may attain 
growth benefits as an adaptive behavior if foraging conditions change (Kahler et al. 2001). 
Therefore, small-scale summer movements may enable the juveniles to explore nearby habitats 
and improve foraging success depending on the habitat complexity and food availability 
(Lonzarich et al. 2009). Movement between sites was less common, but the study design, with 
few antennas in each system, systematically limited the ability to identify large-scale 
movements. For example, we couldn’t have detected upstream movement between sites from 
upstream sites, because there were no antennas to detect such movement. Within-site and 
between-sites movement of stream fish in the summer, during important feeding times, suggests 
that habitat selection occurs across small and large distances (Gowan and Fausch 2002; Gowan 
et al. 1994, 1996; Riley et al. 1992; Riley and Fausch 1995). Different fish may move variable 
distances to find quality habitat depending on environmental conditions, competition, and 
predators. 
We cannot speculate that we observed overwintering movements or seaward migrations, 
because there was no clear directionality in movement during one part of the season or another. 
Movement events peaked in mid-late summer but did not increase or decrease linearly over time. 
This may be a result of the short study duration that ended on October 1. Perhaps a clear 
directionality of movement would be evident over a longer time scale. It is unclear where the 
suitable overwintering habitat was located for the tagged fish in our study; therefore, it is 
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unknown whether upstream and/or downstream movement events may have been a result of 
searching for wintering habitat or foraging habitat, or if downstream movement was a component 
of seaward migration. The age of seaward migration can widely vary among the two species. 
Coho salmon characteristically migrate seaward at age 1 or 2 yr, but less commonly migrate at 
age 0 or 3 yr. Dolly Varden migrate seaward from age 2 to 6 yr, but most commonly migrate 
during ages 3 or 4 yr (Quinn 2005). It may be possible that the large parr observed moving 
downstream from summer rearing habitat were searching for an area upstream of estuarine 
habitat for overwintering in order to out-migrate to sea the following spring. This has been 
observed for Atlantic salmon in Maine (Meister 1962) and Pacific salmon in British Columbia 
(Murphy et al. 1997). 
Different types of habitats are used differently by salmon species at varying age classes 
(Walker et al. 2012; King et al. 2012). Therefore, it is expected that juvenile salmon segregate 
within headwater streams based on age class and species. Dolly Varden was the dominant 
species in higher-gradient streams, and coho salmon was dominant in low-moderate-gradient 
streams, which is consistent with other reports from Southeast Alaska (Bryant et al. 2004). The 
lack of differences between movement trends of coho salmon and Dolly Varden char may be due 
to similar ecologies and life histories of the species in tributary streams. Our study might suggest 
that both species share similar site fidelity in the headwater streams we studied. Body size is also 
considered an important factor in juvenile salmon movement, because smaller fish are more 
likely to be displaced due to competitive inferiority (Chapman 1962). Trends from Figure 6 
suggest that size at tagging was a potential predictor of coho summer movement, consistent with 
work by Bennett et al (2011) and Giannico (2011). But consistent with work by Kahler et al. 
(2001), no significant differences were found in movement between fish of differing cohorts. 
Our results do not support Riley et al. (1992) nor Gerking’s (1959) proposition that largest 
individuals move least because they are able to defend territories against smaller fish. Like 
Giannico we found that mobile fish were sometimes larger than sedentary fish. Larger cohorts 
from each species seemed to move in both directions more than the youngest cohorts, 
particularly at the large-scale level, which could suggest that larger juveniles explore more at 
different levels because they can compete with smaller fish for new habitat, or that larger fish 
move farther distances to find suitable habitat or to migrate seaward, which could be evident in 
the age 2+ yr coho salmon moving far downstream.  
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Movement was potentially driven by a number of factors, which is consistent with other 
stream fish studies (Riley et al. 1992; King et al. 2012). Abiotic factors, such as stage or 
discharge and stream temperature are often cited as important for salmonid movement. 
Numerous studies suggest that downstream movement of stream fish is often associated with 
flooding events or high discharge (Lonzarich et al. 2009; Youngson et al. 1983; Hartman et al. 
1982; Gowan and Fausch 1996), and upstream movements may be associated with low flow 
period (Lonzarich et al. 2009). Youngson et al. (1983) also observed minimal downstream 
emigration during low discharge and high stream temperatures. This is logical since high flow 
enables easier downstream displacement with the current and the ability to swim past semi-
permeable obstructions, such as log jams and debris buildup that might impede movement during 
lower flow conditions. However, our study found that movement in both directions tended to 
occur when water level was lower. This finding may be a result of antenna malfunctions or 
missed detections during periods of elevated stage, or it could indicate that fish are more apt to 
search for food or new habitat when low flow conditions enable easier exploration.   
A prominent hypothesis related to water temperature is that fish move in colder 
temperatures is search of more suitable habitat. We did not observe this trend, but rather we 
observed more movements in warmer temperatures, perhaps indicating greater foraging needs 
and activity due to elevated metabolism or due to low oxygen during periods of elevated stream 
temperature. Perhaps a longer study with a larger range in temperature will better illustrate this 
behavior. Kahler et al. (2001) found that fish movement was influenced by gradient, such that 
steeper gradients correlated with downstream movement. We found this result as well; therefore, 
FWS or gradient seemed to have an effect on movement. This is not surprising given the finding 
by King et al. (2012) that suggests FWS is a strong predictor of fish and macroinvertebrate 
community and physical habitat. Understanding salmonid movement within headwater streams 
of varying FWS will help to explain linkages between the landscape and salmon production, and 
assist in the generation of better management plans for the region.  
Date seemed to have a potential effect on movement based on the correlation results. 
Date was generally inversely correlated to the number of movement events, however, there were 
pulses of movements that did not seem to linearly correlate to date. Other studies observed pulses 
of temporally variable movement as well, that were most likely associated with changing 
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environmental conditions and habitat needs (Giannico 2011). Like our study, Young (1996) 
found that movement by cutthroat trout in Wyoming seemed to decline as summer progressed. 
Bennett et al. (2011) noticed a higher proportion of juvenile coho salmon migrating seaward in 
the fall than in the spring, and Bryant et al. (2009) observed most Dolly Varden moving 
upstream in late summer and early fall. Perhaps future studies over longer time scales will 
illustrate the effect of changing seasons on movement. 
Our results suggest that numerous factors potentially play a role in fishes’ summertime 
movement in headwater streams, including species, body size, stream stage, water temperature, 
date and habitat variability (FWS). This study was designed as a pilot to determine if juvenile 
coho salmon and Dolly Varden move in headwater streams, their scales of movement, and 
differences in movement between the species and their age-classes. The data does not yet support 
more rigorous analyses to determine effects from stage, temperature, date or other biotic and 
abiotic factors on movement. However, this study offers potential drivers of movement that may 
be examined further in the future. Temperature and stage may become increasingly important in 
driving salmon movement as they will potentially become more variable and unstable under the 
influence of global climate change. Stream temperatures may rise and fluctuate more rapidly, 
and stream stages may change, which could influence how juvenile fish move in freshwater 
rearing habitat. For this reason, it is even more important that we determine the effects of abiotic 
factors on juvenile salmon success. 
Our observations fit the idea that stream salmonids exhibit movement patterns to fit their 
complex life histories that span numerous spatial and temporal scales. Utilizing heterogeneous 
habitat by moving upstream and/or downstream facilitates multiple strategies for survival, since 
competition for space may be an important driver of movement in headwater streams. Such 
complex movement behavior might suggest an exploratory nature where fish move around 
considerably in their habitats looking for the optimal location, consistent with other studies’ 
findings (Kahler et al. 2001). Fish are moving between different reaches, and this utilization of 
different habitats by individuals and populations of fish emphasizes the importance of 
connectivity between diverse shelter and foraging habitats. This movement may become even 
more important if global climate change brings about increasingly variable habitat conditions. 
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Even with a small scale study such as this, we were able to demonstrate semi-long range 
movements; and it is likely given what we observed, that fish are moving even longer distances 
within their headwater stream home ranges. We should consider the results as a snapshot of 
movement that provides a framework but does not deliver a comprehensive explanation of 
fishes’ movements throughout the summer. Also, not all potential predictors of movement (such 
as lunar cycle) were investigated in this study, and results could vary seasonally and spatially. 
Furthermore, the antenna arrays did not have continuous coverage during the entire study period 
due to power outages, equipment malfunction and flooding. Therefore, it cannot be assumed that 
the antennas captured all movement events within their ranges. Further research on salmon 
movement within summer foraging habitat will reveal missing information, such as seasonal 
preferences and stream order effects, related to preferred juvenile salmon habitat. 
This study provides unique insight into summer movement of individually tagged 
juvenile coho salmon and Dolly Varden char in Alaskan headwater streams. The results show 
there is substantial movement among and between habitat-units; particularly small-scale 
movement, is common and variable. Whether species, age-class, stream order, FWS, stream 
stage, stream temperature and date drive upstream and downstream movement in our study is not 
consistently clear; however, our results suggest that all of these factors may play a role in how 
juvenile coho salmon and Dolly Varden move in headwater streams during the summer in 
Alaska. Variability in movement behavior among stream salmonids is common (Ebersole et al. 
2006), and the variability of our results may be explained by the habitat complexity and 
exploratory movement (Giannico, 2011) to monitor habitat quality and search for foraging 
locations (Gowan & Fausch 2002). Perhaps other factors which are not examined in this study 
are involved in initiating movement. 
This study is useful for building a framework to understand salmon behavior and 
environmental factors that influence rearing of juvenile salmon. This work provides insight into 
how a model of variable habitat conditions (FWS) can be used to understand fish movements at 
small and large scales and is a step towards modeling predictions for different species and life 
stages. A longer-term and more continuous study with more antenna arrays may clarify the 
abiotic and biotic drivers of movement. In the future, it is suggested that this work is expanded to 
describe movement at seasonal scales (Bell 2001; Kahler et al. 2001; Ebersole et al. 2006). Our 
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study also emphasizes the need to incorporate abiotic (such as temp, water level and FWS) and 
biotic factors (species and body size) into movement models and clarify their roles on salmonid 
movement in headwater streams. Improving our understanding of salmonid movement within 
streams of varying habitat characteristics will reveal linkages between the landscape and salmon 
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